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(57)Abstract 

PROBLEM TO BE SOLVED: To form areas having 
dtfFerent forbidden band widths without heat treatment 
by one time of crystal growth by forming a compound 
semiconductor layer containing nitrogen and a group Y 
element other than nitrogen as components, by growing 
crystals on a semiconductor substrate on which 
recessed sections are formed to expose a plurality of 
different crystal planes. 

SOLUTION: A p-type GaAs crystal which becomes a 
current constricting layer 1 2 is grown on a low- 
resistance n-type GaAs substrate 1 1 . A grove section 
21 having a narrow V-shaped bottom face and another 
groove section 22 having a broad flat bottom face are 
respectively formed in areas A and B, by performing 
photolithographic patterning and wet etching using a 
mixed solution of hydrochloric acid, hydrogen peroxide, 
and ultra pure water as an etchant on the surface of the 
crystal. Then a GalnNAs crystalline layer is made to 
grow on the substrate 1 1 by successively laminating an 
n-type AIGaAs lower clad layer 13. a GalnNAs well layer 14a. an AIGaAs barrier layer 14b, a 
guide layer 1 4c, an upper clad layer 1 5, and a contact layer 1 6 upon another on the substrate 
11. 
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[Axilla] S3!?i:S*Kin©V«e5c«i:**ir*§« 

[asf»o:/xi*i!ifiP*j^^ L ■caacoM'S sea® *s 

1 1 * iil?»teilj«fi * -a- * xg t *#^-e 4 c t 

[Bl*«7] «rE«»fl!)«'tP«*eiliail*» (100) Si 
36^&A55lRj ( [oil] ^iRl) l=o->-55' ©ffiffl-eMl^U 

f^fiE t T JS 4 C * #a t -r 6 (=E«a>i|i»(* 

[»*S8] BtrE«afl)S«4^easiii, doo) m 

3i^&B?^lRl ( [0-11] IC0~S5* a)iSB"C««L 

JBjS LT JtE 4 Z t -r «BI3S3« 6 JcE«<D^»i* 

[W*«9i {100} ®$i®t-r*¥©»s«± 

ir. (100) BA^&A^lRj ( [Oil] ^iRl) (=0~55' (D 



UE»X(iJ'1#-a>±*l=. ttlSA^e^'EESTffl 
[n««lO] {100} 11$£1i^-t«¥9i*:ft«i± 

l=» (100) BA^&B^ra ( [0-11] ^iRl) (CO~55* 
Jifc» *JEt<4:4,1fll4»&«e*±ffl^'7'y KJ14:*III« 

«a jafi * -i+T i9a»«ia*j^j«-r « xa t . 

««) * y itt^* 1*^ ■y-«>-t^i=J^^ * 
$7ci=iB3t«^-ao:/xttS3t*^s»riE-r «xa t » 

*5tjciBjfe3!6^ &i;/xtta3tfR^^}^fi£-r -5 xa t . 

[91^3911] SI^:9l7!iS5lcEIE<0^«{4c«?(OS 
36:^^ a® t^-f 

i:^iJi*t-«Stt«t. ^pts:<ti^mil>^ 

[a**2] MEM'S •5taa©^a®i±, <>ti:<tt 
(100) ffi*^&A^i^ ( [oil] ^iRj) ico~55° dims 

1 1 lcE«E©#aH* U— tf 

[9l3it9ii3] itrEii&««ia(Ot$aiiii. {>ti<ti 

(100) ffi4^&B:J?lRl ( [0-11] ^iRl) lrO~55° fl>ffi 
ffl-CMMLfciS. fc5)L^I*-e•*^i:^ft!^6«Jl:::^fS'5:SA^ 
&fi£y. «i5i5SiJ(J!)MMftSA<J:y *ife3©MM 

[»3jt]Sl4] a*5ll7125l=E«S<D¥»i*«^-«>a! 



(3) 



^B82 0OO-3 1 20 5 4 



[si^39 15] m^^^Jbms i=ce(D^9ft:3R?(Da 

'SrU. C<J5, S«i:S*J9in<Dvai7c3!li:$*lc«fiEi: 
l»ift%jR?-<k(4. (100) 9:b>€>A:&lRl ( [Oil] ^iRl) 

1=0 ~5s' 0!>ieH-c«js»LfciB» fcsi^tt-f-ttteags 

r •& c & ^ r « if^^i 7i=iBtt(D#9(«ife Just 

m':sL&m^tit. doo) ba^&bi^irj ( [o-n] :^ 

R) 1=0 ~5r <D«SffiT?ffi»Lf=ffi. *«LM±-€-*tite 

a^WI=l?ffi'&®^^-:5S«<0±l=}^jS$*t. ffi^ft* 
03.*: y /h* L^®±l=S63t*^•A^;/XI*S3t3R^*<^&J^ 
1®^ft«(DJ:y*#l^®l=3tJ9a£K*^)!»<JefiJt* 
:h.-0&« C & <&iff««17l=ffitt(0^9f*jntj|l 

fty. 



[9I^«21] (100) S]b>ibA^|q| ( [oil] «|q)) i= 

o~55* omm-cniULtzm. tbn^it^titma^t^ 

(=«flS)S;li$^oS«(7>±(=)&^$:K, y 
:*:#t^ii±l=t>AS?6<. MMftffiO)* y/J^*L^li-hl=« 

[if«4[22] (100) ®3&^c>B^ia) ( [0-11] :«rifi)) 
1=0 ~55* o!>esB-T*fi^Lf=s. ft^cMi^eti^iea^ 

a(|(=«$fli«:S$^-:9Sfi(0-tl=]&«e^^. fi«^ASa><fc 
y/Jv«l^iii±l=4>ft«At. «l«4AftO<t:yA#l^1B±:l= 

[si^«23] ai^:fiins 5 (OL^r4iAM=iBe<o:&3^ 
ifey. 

Stt«<Difi«(=SI+ fl<I^CIHC^A^ & ^ [slSrft 

fliTcfH^ ^mzmtt Lr$t?4b$«^«i^Ji3ei<Kit & 

tiTJEsy. iHiSf»^©SM»'5:naiai=Ki:r^b^«i*a» 
»m(Dmmt&^t<mm^^ lt^ y . smfs^oj: y 
#j&««i=-cstt»3&^&fl>jt*«j|ji-r «c 1 1=* or. 

eiR09J9MSn$^-lfL«>-C«dlftJtXttl§l«r«?-$fll% 
[a*3S24] s»*«l7bM5©L^-r*lj!)M=IB«a)^a 

&y. 

a«S»'EElHlfl*>&'5-5l£lSf«^<D±l=. CaOJ^tt^Stt 
t,Mb^«9#l»t*:JS*<Klt6*tT'Ei:y. iaSf«^a)S»i» 

nEtH]i!!i(=(& i:r-e(oafitffijie]6<ji»!%n-r « c ^1= J: o 

[OOO 1 ] 

a*^o«ja. xt^^«i«<*u-ifsi^<o«jii=ii-rs. 

[0002] 

K^) , %miSL^m^ (.^ms, ^ss, ■7-f;u^-. 

SSPS^Cf^^t?) , Sstm^ (7* K^r-f^-K*) 
3!i<-0(Di|i»#3t«±l=JII«<b * 4ifc#»(*3t*aiR^ 

[0 0 0 3] #(=. ¥#1*Sfi(0±'^(D-|iI<D1gAfiefi 
l=J:o-C±lH(D«-«^^*-ai=JBfiEL-C^y 'J >vi/it 



(4) 
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[0 0 0 4] 3fiaitt:3t«a«^-<0«3tt LTI*, 3l3t* 

3lt»a»3RT-<OaTll<Da«l^#B14. f63t*-T^ 
[0 0 0 5] CtDioJSSW^jSfct-iliS^*****^ 

9 57 9#^«l=v l^fi»^^1=F (MOW) ^^^t 

[0 0 0 6] IlSH<K?-2 0*»»»lc»«Lfcp 
S I n PS«1 1 «)±l=. *«*aafflfi£fi (MO V P 
E) a(=*or, pMl nQa As pjtaiaftJii 9. M 

5, nSl nQaAs PaV^^' mi 6*ia«ISft« 

5-r-5 (HI 3 (a) ) . CC-eMQWar»1 41*. 
1 OS^O I n G a A s (Jlt$ 8 n m) In 

GaAsPBMS (Ag = 1. 3/<m«a. 1 1 n 
m) t*v&JtE«. JRIZD FBU— yt*««JaA©SS 
$S i 02K'&t*fl>SIS<*ffi4 1 -CaoT. 3t3EPSfc 

ff'fbJl4 2 4:iS'5 (HI 3 (b) ) . K*«l 

K-^Uf=W«ftl n P«*a»H4 3*MOVPEat 

■e/-9-©rafl!i(=»aBKfi-r«. jjji^mai 7, 1 s^o 

s«icsi8i=J:o-cayaiLTHi 3 
(c) i=H^-r«^»<*3it*a****^*'*'*<' 

[0007] S3S?&^fc J: Xfm&±0^mi. D F B U 
— tfUlSEAttMQWM&'S^fStta*^*'*-. SiHS1il« 
B li iSttii IS i: M Q w«3t*<Siefe^<b * *ifc¥3«*H 

if|-d:o-CMQWU!^Sa)^*E!KlA*«A**iSi:. MQ 
0*y, |EPS««I*DFBL/— 1f3!l^&*-l±&*t*3fel= 



[0 0 0 8] ±iB©^»»3taaiRT©sJi»a£-ci*. 
fsjtss?^, sjt*?-, 3taiatt«*isii«i=ftii-c*, « 

ia, SJt*^©3ti»iRH. 3t»!S»«©3t:tf'f KH«© 

«©-c. ^m<i>^nr*ixitti^Bt<±<is<, at^w 

[0 00 9] ±IB©«*«-Cfflt^6.*i'fc«T»P 

A^&rtiaTH^a^tti^^ift^^b-rs^aiii* «i©a 

u z u k i ELECTRONICS LETTE 

RS:a20# , 1 984^, 383~384SI=33 

L,_H^^^XL^«. !^||¥7-1 06 6 97*^ 

*s»jwicsfi*j*<b-r*-ti=«fcy»&*t5. 

[0 0 10] *fc. <»B|iIl3-49 2 8S-9^4i«(=li, 

jsttJi©fijs*<s»jaE^b-r«fij»tt[a»r»T-*« 

[0 0 1 1 ] 

[0 0 12] c:©^©l»it»^7--->i'«iaxi*. 

fiESA<»*> o f=a«*«i$Fai=ao -c wa-c«i#-r « 

S36«*«. J. J. Col eman^l*. Ap 

pi. Phys. Lett. ^40^, 1 98 2^, 9 
0 4HICtel^T» S \ <D'<^:^SJ<t^ 6 7 5°C©BS 

■e 4 »ia t. (D&ntsKOT -— /naa^ff 5 ^ t iz * -3 r 

fcyie^&4<)a<'EE-5'B:t\ ^ti«t*:u— y^iftiti^^Li.^ 
[00 1 3] j^^mit±^<Dmm^mH-ti&iztjii^ix 



(5) 
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»««?-i=*ii^-ci*. S3t«^. 3taias»« 

[0014] 

[0 0 15] Ti6a)6aiai=«»:ya«ssifc 

[0 0 1 61 i||*a2lc33txTI*. S«i:S«Ui>1-a>V 
[0 0 17] ttiif^lE,. gilljSSifc<OTife<D!Baffll=<fe 

[00 1 81 si3Ra3icfct^Ti*. sttaifioteaiBco 

ir * y ±fBa) S W * SfiE-r S . 
[0 0 19] -r'S:*5%. Tll!!fl!>6aiiH=J:yS«jEait 

siw«-r*ci:(=j:yiii*«i. 2icfeit«ffffl*«fey 

[0 0 2 0] »*a4lcfcU-C(4. UEM^tS^Kin 

a:F.jfP«3ti=*5i+4#F)i*'i-r- tic* y±E«>a 



[0021] f3S*5%. s*saiti=»<&*<ai*Tt. 
ifiK^rs ii««i~3icte(+«<tffl*j:y»ai^^« 

[0O2 2] gi*«5lCfit^-CI*, UIBS*El*t-<DVlfi 

a#?*iv-c«4 c tic J: y ±iBa>aM*adi-r 4. 
[0 0 2 31 -tn^t)-^. a*fc*(csaft;-r«5c*fc u 

«-r^-i:i=«ky» s*iiaj±©*5-rA^^aE^b(=j:y* 

10 0 2 4] a*«6l=ifeL^TI*, Sl^^lTbM 5 l=IB 

?>i«afiEft*i*4xat ^^A/Tftt*:: 1 1= * y-tc«) 
[0 0 2 5] -rft+si^, Tifta>effi®i=>fcys«sait 
jia*fijffl-r5iia*a-cfcy> -aroea^ft-caT" 

[0 0 2 6] Bl*«7i=tei^ri*> iKrE««©«««^ 

am. (100) ®A^e.A*|fil ( [on] ^iRl) (=0~55 
• fl)lSH-e«MLfcffi. a5«LM*-t*ii:IBa^Ml-^fli 

jsffij&^&a^^+t. ««ft«a>j:y/h*u^®J:i-3t»aft 
a*?-*, ««^i*<DJ:y*#t^ai±i=«**^xr;/ 

[0 0 2 7] ■T'S*?*.. 1fi«a^lfi<Da'&««a<0A*fil 
«iSil<DJilceaBt«*fT5Ci:l=*y. »*«6CD4t 

[0 0 2 8] |II*«8l=33t^rl±. B?rE«»©^^CSe 

asi4. (100) ffiA^&B^iRi ( [0-11] *isa) i=o~5 
5' a)«Hr«iaufcffi. a5«tM*-f-*ifc«a*wi-^ 

ffliJS:iiA^?,a«?**t, 1gMfta«><fcy:*:#t^l5±l-3t» 

sjffisi^^. ffiM^ifi«>*y'j^*«'^si±«-ie3tsi^-atx 
a«-r*. 

[0 0 2 9] -TjEC*?*). IS^ftSroM'&^tia^BI&lS] 
«^iB©JiirieafilfiSftaci:l-J:y. IS*«6<Df^ 

[0 0 3 0] l»«fli9l=J3t^XI*. (100) S3b^e.A:5 
IS] ( [oil] fjJpi) 1=0-55° (Deffl-t?1®^Ufc®. 



(6) 
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[003 1] •r'S:*5%, *B*<»'S:y» A^i^i«Ma*ffl 
$tsaf£ft-r%c^r=j:y, 9i«96<of^ffi 

[0 0 3 2] il*SlOl=fet^-CI*, (100) ®*^&B^ 

iRi ( [0-11] 3&iRi) ico~55* a)isffl-c«»Lf=ai. a& 

»3ll*y-9-$»fiE-r«xat, lirlB3l3ll±>-y-<D-h^ 
l=, il^)S:< i:ti»j!i^&«:«T«P^V"y Kflft* a*i 

(*B*'>'5:< tti»*-r5aT)it, '>'&<i:*iH*^ 

=f-^mm-ri>Jimt. «(DJ:y»L^3lxl±>-9■fl)±:^l= 

^*»>«-r-5X8i:, «d^-CJft«Ci:C=J:y±IBa)i 
[0 0 3 3] ■T'Srt^t.. ♦SANS'S y, BI^lRlffi^tS^fflll 

l=» 4 d t # -5 1 © -t? fc €. . 
[0 0 3 4] 1l-*3t^Ttt, »*«17?IS5|Z 

9^a>\/m7Lmt^mzi&mt Lx-^mt-^iss^mwm^ 
±sij^7^-y KMisii?Riaa«fi*#«dt»=*yjifa 

[0 0 3 5] ■r'S*?1&. ««a>ffi^fi*^C>^tESS«©± 

\zmmts.m&i9\-<f>\/m7Lmt^mziA^t Lx-^tyit 

[0 0 3 6] si^^ai 2i=i$t^-cr^, friBA>&:-&«a(o 
m&mt. t4* (100) aAx&A:^iRi ( [on] ^ 



1^) |ZO~55* <DlSa-etS«Ltr9. ibi>l'^lt^Htm 

<. «f*Sfa)«^^SA<J:y**<»fifc**i.r<E«ct 
ic J: y ±iBa> g n ^srnr 

[0 0 3 71 -rittt)*, u-lf*^-©*!!}^***?^-^ 
fi«(Aft0!>ll<E««»<OA«lR)«It^li(D^(=ISIIAft-r 

[0 0 3 8] n*m^ 3ic£ixr». ffirlBJl<E««ft<o 
easttv *j^*3i<t^ (100) iiA'&B:«riq] ( [o-n] 

^iPl) 1=0 ~55' (DlEH-C«j*Lf=®, fc«l^li■f■4^i: 
*<. «t>A«©««ftS3&«J:y/h*<»«**tT<i:«c: 

t iz J: y ±iB<D m tfiimm,-t 

[0 0 3 9] •^35*5%. U— »f«^(D«gffit*AaifT? 

^»ns.<DSits:i>nL»a>B:f5i^mmm<>>±izm&ms:r 

[0 0 4 01 Hl*3i1 4lCj3t^rtt, SI*3ai7!iM5(= 
»f«^±3&(=. aiilSf»^<DIHli!h}^tt*SII*-r4i:* 

^mtm.m&Lt^o>m7Lmt^mzm&tLx-^t^ 
<t$«B¥«i4^ii$'>>& < t t^mmm lx. ^i&^mm 

«f «f^fi-r «xa$$A/-e)&:« C 1 1= J: y ±IB0!>S n 

[004 1] -r^t**,. «a<DS:5^4A^e,^5Iil«T»T 
tyititiin^m»mims,m&ri>ztizjzij^ 

[0 0 4 2] siciii^xi^. SI^:iSi;!>£5ic 

#1-<Dva67c*i:*ftl=iajiEi: LX-^tiit-^Hb^^Wm^ 
'>'&<ttlJia«Lr, *iJ1ittIil»r»^*ft«-r«X 

a^^Az-CBrS d i:l=<fe y ilBOBM^afiE-r -5. 

[DO 4 3] rts:t>*>.. «a©®:^<a3!)^<b^i:silST^§^ 

a)±(=S* i: lUn© V StTcall t ^mzl&m tLX-^ 
t.Mb««9¥l»flcli$ttA««-r«Ctl=J:y, 

[0 0 4 4] 6lC*SL>rii, Sl^aii;!iMl5<D 

[0 0 4 51 rt^^*>. ^^^^<f)i^int:m-rim& 



(7) 
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[0 0 4 6] ai*«1 7l=j3lx-CI*, |»*ai75S50 
Xttajt*^^©^**** < TJS-S C 1 1= J: y ±1Bi 

[0 0 4 7] •r'S*?^, a*;isitA<*5-r*Mzs<Eo/i 
ii«*f^ s c 1 1= * y < c t 

LTffltV A^03t»5^S«?•«ky^,5B3t«^F•a^X/XI± 

[0 0 4 8] st3}t«i sizssi^xit. mizm^tM^Ais 

A5JlRl ( [oil] (CO~55* 0!>«H-C«S^Lfc 

icJgfiE^Fti. ««ftSa)J:y*#l,^iB±lc3l3t*T-at; 

*»a»*^A«»«**tr <t « c: t (= J: y ±IB© s »* 

[0 0 4 9] -r)5:t3'&. ^^n&(omt3:i>nL&a>A:^^ 

[0 0 5 0] 9l=j3t^TI*. ItlBHife^^at; 

/XttS3t*^-t. 3fe»5SE»fS?-ili. (100) ®*^& 
B5f|Sil ( [0-11] l=0~55' <D*6HT?««Lfc 

/xttSitm^^Atj^fiE**!, <a^^ia<©j:y:^#i.^ffii- 

[0051] r^t>lb. M^^IS<©S'S:4«a<DB*[R) 

«^sjiiz«fiE-r-5iiti=«fcysi*ai 7©«jiEs*ifa 

[0 0 5 2] 1§*3S2 0lc33L^ri*» fSSJ^lTb^SO) 

(4. y^^-efcy. -e<DSi±SA<. M^ts 



[0 0 5 3] -r^t*?*.. t>-r6Mcs*sait*^>flT*-i* 
4 c t ic«t y < c t A<-c*« 

i:«i}®sn=sa-r«ci:4<i|ian*u— y*iF©fli*t l 

[O O 5 4] WtTiaii2 1 IZfil^Xli. (100) ffi]af^& A 

3ffii ( [Oil] 3SS) ico~55- (Dmm-cm»Ltzm. 

« UM4-€- ti t eil^e«l(rl?fii;SiE $ i#oS«[(D± izm 
««ftfi<DJ:y**t^iB±(c«A9A<. ifift^l 
S(0 J: y l^iE±(c«1B9ibt]»A$;h.r<E « Z & 1= J: 
y±IB<Oin«SfiiE-r«. 

[0 0 5 5] -r^E*p%, «^fta<canf-5«a<DA^(Si 
«i*is<D-ti=««-r « c 1 1= * y , g)jit^ 2 o <D««* 

[0 0 5 6] |||3jtl92 2{rd3l^TI4, (100)9;bv&B 
^fpj ( [0-11] ^fil) 1=0 -55* (OaSH-effi^Lfc®. 

«i«(AS<3;>J:y/h$i.>ie±ir(t)ASVA<. «fs(A 
fi(0 J: y ^ $ i^ii±l=iiiBffi3bt)^^ ^iiXUictiz^ 
y±E«>aw*2^-r*. 

[0 0 5 7] ■r'a:*^^. fii^#iaa)ii<E-s«a©B^iRi 
mmm<o±{zmmiriztizjii). wi*m2oa>mm^ 

[0 0 5 8] m2*J^2 3l=i3^^TI*, W^nt:l^^JbmS<D 

tt, #3K*u-if*iFi?&y, si4»©ifi«i=iait&*t 

MLTisy. S^iafiKa)*y:*:#'5:««l-TS14SA^c> 
©3t*®ii5i-r-5c:tic4:or, ajRoaw^ss^^-tfL 

[0 0 5 9] •r'S:*^*.. AMzSSdSait^^flraF-a- 
[0 06 0] iS«3S2 4l=j3L^TI*. If«ai7b^50!> 
tx-r*t*^l=E«a):&a*ffl L^TUjfi * *tfc*»fr3R^ 

iifi«:ei<s)iii«n-r ^ c t tzj:^xn^^m<Dm»</>mm^e. 



(8) 



^g|2 000-312054 



ps^if LtoXiS-s c i: ir J: y ±150) a Msa^r 5. 
[0061] ruftj*. *5f*^fcs*saifc«5}'^*-a^ 

[0062] 

IS1 tLX. Qa I nNAs«?tFJii:r«MQW*S 

& IS * Sit »/ a T » s^tsiaftwta « jS 

[0063] TaBJ (1 00) a* Co 

1 1] ?jiRi'^o~5 5' o>^&mxis.^■ti>^tlz^^^x 

*t^a-r€.. (1 oo) ffiA>t. [01 1] :^ 

A< {3 1 1) AB, tass* is^Lfcffi&i;**ii:ea 

i¥«l=*flS'feffiA< {111} AffilCsSS. (10 

0) ffi(z«f 5 [01 1] :^iRj<Dlti-, ^^-th^-ttz 
J:-3TABA<S*5*i«:^lRl&i;^-*ttJSft^WI=*fl5'S 

ta^irIj fc-StMi r {1 1 1) ab^irij t 

[0 0 6 4] TbBJ 4:1*. (100)S* 

[0-1 1] :^isi'-^o~5 5' ommx^^-th^tiz 

(10 0) ii36*& [o- 
T^^^-y KB1 3 
SItSi 4 

#FJ11 4 a 



BgJS 1 4 b 
*f •< KH 1 4 c 
±^?^'y KB1 5 
KBl 6 

COmomSbSStHztt. Ga, Al. In, As St U 
rlH*S«$. NiSftt LTTi/^-T**;^ (NH3) 
$fflL^fcMBEa5««fflU fiR«a«*6 0 0^A:L 
fc. JSte. #pBl?feSQa I n N A s (D^SJiEfil*, 
0 3 J: 3 V/— > X I- J: o T V SlJlS * 35Stt 

A<11S^)B»l=*aa-r-5Qa»fc I nffl^ttlftL. I I 

a©affii= 1 js^-®»t=«+®s A s n^i*^ 



1 1] ^1^^152 5* «*iLfciiiai;-f*ifc«a^»i= 

*flBJB:ffiA« {311} Bffi. I&5 5" «»Lfc®at;^- 
HtmB^6f3{z^1imi}< {111} BffiloS*. * 
fc. (1 oo) [0-1 1] :^fii<Dtlic, IS 

^•r * c i 1= * or Bffi3&«*5*t4*iRiatx-t*ii:ea 

¥ni=tlfli«E^|q|$. Tb^^j ft^LM* r {1 1 1 ) 

Bffi^ifiij t^mn, 

(0 0 6 5] w(D^I*. eiTI=*-r<fi<0S81£«)»l8l=O 

[0 0 6 61 61T(=. «a*«*iit^'SC*«&«^«JSI= 

[006 7] MBE^I=:J:y» (IOO)Bd** 

Bi-^-r-Si^ftStnSQ a A sStf± 1 1 l=«!lSft^JI 
1 2 tifir^pSQa As^VdO. S/tmtSa^fi'^ 

x^/^xfatf'S'i'X'y hX'y^^^f^ffli^r, Hi 
(a) ic^-r*a(=««A{=(i«<D»iw^ffi<©ii®* 

t,0»«j2 1 |i«B(=l*e(7)j£t^¥ffi'SlS®*tO 
3t»2 2Stai+«. HI (a) IZ^I^X. WAl±4/i 
m» WbI*1 O^mfcL. x-y^^^^fSK** 1 ilmfcL 
fc. 312 1 , 2 2<»fir:&lRll=33lt4«ai=l*. {3 1 
1} AffiA^e.^■5»B**SaL■Cl^fc. 
[006 81 HI (a) <DJ:3l::«lX5?4it=3l« 

0!)±l=. H1 (b) a><l:dl=S%S«lfi$fllAr««JI 
*aHfi>. Hi (b)fl)a-a', b-b' X^fStl 
fcBf®©«jfil4. •e*t^^*l.H2 (a) , (b) at/ 

(c) icg?$tifc«fc5ic<C'S. aji**v4^sa>«<^, 
B9 (¥Ja»^<o«fij|-?tt-ii) it;^L<Dm*^ixie>i>. 

[O O 6 9] 
nMA I o.4Ga0.6As, S»0. 2/«m 

y > K— ao. 935 < no.06SNyA s i-y, 
aff 8 nm 

y 1/ K— ^A I 0. lG aO.gA s, gSLlOnm 
y > K— ::>'A I 0. iGaO.gA s, ®J?30nm 
pSA I o.4Gao.6As, B01/tm 
p+SGaAs, SJ50. 5//m 

<DX5g*^bfiE-5lS«8Tf 1 »^-a«>Qa I nNAsjia 

©leafiEfiA^^T =.*ve>o!)-2©xa*i»yii-rc 

4:l=<):yB?M0!>liJl<DQa I nNA8^a$#t=. 
[0 0 7 0] Sa^roxStLT. Hi (c) |C^-r»l= 
^«AtmiaB4:(0raiC«2//nr»<D^J^!8l3l2 5(Df^SS 
Ttx h'J VJCii-TX^^P-bXt K^^'X»^?^i/<fl=J: 
y^l-3. »»«2 5l4««A0!)i»t»{*U— tflCfclt*- 

Q - 5 ^ -liH C J: 5 IC K ^5 -< X ^ > ^^-e S L r t 

ffl4/£m(»Xh^'f:^«©ai»K26$ja-rJ:5l-. ^■ 
a)«1>fl5»»<)!)l»**K7-fx-y^>^fcJ:y^T5. 



(9) 



^Bl2000-3 1 2054 



f-SSfi^liHZ (b) icfct^-Ce-e' . e' ' - 
[007 1] CCT?, M QW<D#FJi Q a I 

IX (1 00) m-^\tA s^=f-ltQ am^t 2^0^'^ }^ 
•ClS-&LTLx-5©l-«U» A*lRli::ffil^$*ifcS*tt* 

a js^^ t -*o TP > K -eia^ L -c tx s ai= N t a # 

:?SiBO!)A 8jS^I*Qa Ja^F•i: 3*a)7|?> K-Ctt^LTLx 
[0 0 7 21 ;i©aicA:5iRiicifiM**tfcffi:^tt«^-r 

NliAa>:^#<i:Qa l n NA84SIIA<^&4ld. 
[0073] 1341=. Ga I n N A s I^S<©^S^I=fc 
It4. Nlia^iki:. GaAsStt© (1 00) mt^iO 

u fc«^=t * * N a>isi y a^oiSL^ 
V fliji«*3fesi=«*ft LraiB«)AsjiT$Nii^ta 

<fcy»*LLxJ5KS^atS*-5. 
[0074] BI1 (a) <J!>*Ol=ftlX$*tf=Qa A8 
(10 0) 3S««)a*®l=l*. iffil?** (1 0 0) ffi 
OJffelC. 3ISf<DfiT:&lRl«)ffll®f=l* {3 11} A®A<II 
aUTtx^. C0>S«(D±l=Vttl7cfgtLTAs<tNt 

$*tr*rfi*«aj«fi-r«t. ±a5-cfc« (i oo) bs 
±i=ea«fiLfcSf»*y t {311) Am±i~t&^^ 

« L fc»^^(D:&*< N IS^ t a # * A s UTOH^ Lx 

^#F3 1 iCfcit'S^FJi-Ca&SGa I nNAseai* 
AtBJ:l=fffi*4iTlxS^i:jb^t.N*§JiE3b<y = 0. 0 2 
7t%^<. MQW(0^f1J^i|SI40. 95 eV (iSS 
1. 3 1/lmffia) t^Co-Ctxfc. -:$-e*^#F3 3 
IcaSLxri* (1 OO) B±|Z»Bfc*ih.-ClxSCt4xe>N 

tafit*</Jx* < y = 0. o 1 8-r7&y. ii*i»*Bi*i . o 

8eV(1. 1 5 /imffl^) T?fcofco 

[0 0 7 5] ^cfe\ ii^a>^J^Ui=mL-c»TSai=t. 

»^t3!l<±li'54^ Qa I nNAsJll*Bi»BI®liiTT5l5 
*ci:A^&ea^5Wi*<SS5i**i.4-i:tt'a«.^. Aiii±© 



Ga I nNA8iS(iS«[l=}ttt-C0. 1 %eft(0llo3i 
yS$. (1 00) 3±(DQa I n NA8fi(i0. 1% 
affi<Dff«S*SI+-Clx-5. 02 (a) fCfcMtSa?-# 
F 3 1 *-3tfi 1 . 3 // mU U— tf Hfi-T -5#a»(* U— tf 
OSttHtL-CfiJfflLfca*. H2 (b) C=ei^Tli« 
^#1S3 3A»3lfc»aaa>aTJfi:<E*::b(=#»i*U-1f 

[0 0 7 6] ^fk^oiii^^wftmvm^f-omm^iit. ju 

T©jSi"Ca6W<l!>*-f > I*****- Qa I nNAs;iai= 
fcLxTI*. Ga I n A s®9%©A s«>— SS 
T) SNIcaSIUTQa I n N A siSaA<f^e>*l4*3l+ 
■Xilb^lfi. N(0Saib#oTSI«If»«tt9U<IE{tU. 

[0 0 7 7] H5(C, Qai-xl n xNyA s i-yjiai^fc 
Lx-C. I nSaikxS-S (x = 0. 08) CD**N;1 
ait y *«ft*-«*t=«ft©«*Hlf««>«ft«>«** A t 
U» NjSaiky S (x = 0. 025) fl)*^ I nS 

ait X ^ S6<b * -ii-fc«^<D«$S«iaa>a[^t<D»^* B t 

L"C, H^Urtx^o Ga 1 n N AsSai^JSt^TIi, 
I n(DSaitl=«-r««ft*tt»-1. 1 [eV/(l 

njSait) ] ■efe'5<OI=«LT. N®iiaifclc**-r*l* 
U^^^nHLitmtVi- ^ 5. 5 [ev/ (Nisait) 3 

t -5. 

[0078]-2fifi1. 3^m^fcli1. 5 5 // m^lc** 
^^9aS%II«>3T)i$ftl=Ga I nNAs$#Ffl^ 

t LTJff^Ltxfll^tmx.*. 

[0 0 7 9] C(OJ:5lcL-Cf^aLfcill««^-«>¥9»» 

u— tFffl^^^^l=. ±T©a«ii 7, 1 8saura3S*3!E 
-rt. assays 1 2icj:oTtt**ixf=«ai*sttJi 
(Da^&rov^sfif^irjtAi^i. Bfflasii omA, 

U— if jR^-tik^t:. Hfil«3lE<0±»'Eti:<0 
^ttl=S6<bl±» & *i&36x o fc. 
[OO803 C<D<t5l:^. (100) ffi±(c^-3SK«)3 
TJB*. A35(SiHSMia±l-¥3H*U— tfOSttS^JKBi 

<D4SB3!ixp,a*m< u— tf3ts?siytu-rc:i:A<-i?^fc. 

fcH-Si:L-CI5^l=^ajSfiS*trLx«,<Z)T?. =&^<D 



(10) 



#P 20OO-31 20 54 



[o o 8 1 ] mmmm 1 1 LT-o«)i|t3i(*u— if*^ 

[0 0 8 2] 3i-(D2E»«t LT. *e)(rg3t*^$ai 

lz*-cS-r-5Slt<f»«3l2 5$2A^Bflclftlt5t, 1i 
«Ai Iiz.-3<D»}83I2 5$7t:^'J'<p— 55— 

V9^it- Kt UT«1IBU ««B*3t»aa* 

[0 0 8 3] LT. *3J<*u— ys©«B 

ffil=»ii«*Kl+fctfl!>rz-3L>Xlft^-r5. QaAsS 
«t1 B7 (a) l=9-rj:d>&:ffi(Dj£t^^2 2, W 
«)ai^3l2 1 , ||Sa)l£t^»2 2A<3£Slc3tA/f£/<^— > 

T^#-5. #3l(DfiT*lRl<3!>jaHffil=tt. (3 1 1 1 A15A« 

I nNAs$#Fa^-r«siK%Mit$9iis-r^. 

(a) lcfcL^T. ||iSlA36<i|i»i*U— tCST-i LT«1I6 

K5'fi-;/^><fi:J:oT»JS3l2 s^ftSU. #»f* 
U— if fiS^J-lca« 1 7, 1 8$JgfiEr4i:07 (b) fc 

[0 0 8 4] fi«AlZte(t«#»f*U'— tf*^^l=^t^T 
14. U— «f<DSttS©5*0!)4>*»»f* (311) AS 
±l=»«**lTl^«CA:*^c,afll*ffiO. 95eV (3ft 
51. 3//m<@S) ©i^-#Fi:'Sy, U— tf©SSIS®iS 
ftCDSttSI* (1 oo) ffi±lcJBJ«*^i,-Ct^-5::tA^& 
llftHttWl. 08eV (2KSI. IS/imfiS) ^iS: 
■5. U— 1 . 3j[/m4iSfl>M«!l«S*tO 

SttSi 4 

#pS1 4a 



P>ail***t-5iSI[fi1 . 3^/ma)3tli, aSl. 15//m 

[0 0 8 5] B7 (b) xz^v^xmim^mfAz 
TiRya-r-ttRriig-ea&«ci:iia5*T?*«ct^. 

(Ill&(0]&ll2) :*:|SqQ(0|ltt)f$ffi2^LT. Gain 

— tf«T^fc*»a»*?^i: *«a-r «*ai=oixxH 8 

[0 0 8 6] CITI=, ilit¥)«*iit^<t!{l<&*^«5fif= 

[0 0 8 7] *-r. (100) ai*a®iz:&-rs««fit 

nMGaAsS«1 1 l=. 08 (a) (Z^-T J: 5 Ci^iS 
AI=li*B©at^X h7-<:^tta»-y-2 3*««BI=ttffl 
©i£L»¥a'jETI9**OX h^'f ^«Oj'-y-2 4*X«; 
^V^ffl]X-r«Ctl=J:ySatt«. H8 (a) IzfcL^ 
WAl*2Am, WbI*1 O/zmtL. /-t^^B** 
1. 5/imtUfc. ««AA<#«»U— tfSJ. fi«BA« 
jt«aftBSP^:«-&. J(1^2 3. 2 4d!>fir^lRll=feMt« 
fiiaizid:, (111) ASA^^A-S^tSA^BUL-Cl^ 
fc. 

[0 0 8 8] B8 (a) a>J:a(zA]X^:h.fcS«( 

U— tfg?t'ii:-5*iro»L^/-9-2 3<3!)±lc}^fiE**i,fcS«l 
3&<7>»rS$B8 (b) iz. ^ljSiS%SS<>:>&:'&4ea>j£l>j( 
-y-2 4<D±l=}griE**lfcS«aS«)Bfffi*H8 (c) 1=5^ 

[0 0 8 9] 



BSA 1 4 b 

^-f KS 1 4 c 
±<7 5 Kjg 1 5 
Hi/^t^? hSi 6 
C(D^(DftA^ft|Z(i. Ga. Al, In. AsS^L 



nSl no.5Gao.5P' SffO. 2/im 

> K — "i^Gao. 905I no. 095NyA s 1-y, 
@J$8 n m 

y>K— ^A lo. lGao.9As, Bl»1 Onm 
Jl/^—-^t^ IO.lGao.9As, J|V30nm 
pMGa A s, tlm 



p-^^GaAs, WM-O. 5^m 



eHy) $ffil^fcMBE3($ie^L. mSiSS$5 5 0 
°C^Lfc. Ga I n N A s SOtiH^Sli, JSi^^^T 



(11) 



2OOO-312054 



l^^l=tt«&-r w t ir J: o Ttf o fc. 
[0090] as (a) a}J:5l=ttlX$Hf=Qa A 8 

(1 oo) s«a>5asi=(i. ±^X'i!>i> (1 oo) 3 

^ffi-efe-S (10 0) ®±C-«eft^ftLfcS|5iJ-J:y 

t {1 1 1} AS±i=esj«fiLfcgs^}-a):&6<N«a«*t 

*#<JS«. Affi±«)»^-#F3 1 liNttfitA«y =0. 
0 3 4^:^$<. MQW0!>ilftll4K«id:O. 80 eV (it 

t^^5:l^ (10 0) ffi±J=)f^fiK* 4x-Cl^*a^^#FT?l*N 
lifitA</h* < y =0. 0 2 9-efcy, S$!»«l*0. 8 
9eV (aftl. 4//mffla) -Cfcofc. 
[0091] ffldt©»^&(C^t(E LTl*^$»1=t. 

Ga I n NAsJUJeUKKKlTT?* 

G a I n N A 8 jittSfi(=rS(S«^S« LT ^ ^ . (1 

0 0) a±(OQa I n NAsSI^O. 1 %S£(7}S<iS 
$igltT^,^-S. ««Aic*j(t4>-y-fl)±cDi^?fF*j« 
g1. 5 5/im-CU— tfaifi-r-5#»l*U— tf*T-fl)S 

[0 0 9 2] «»<DXeJ:LT. ISlE)»aBl (c^l^TB 

1 (c) ^^mLfsifi^mmLtznimtmmz, ^isea 

7T:^U'<n-57-*f^«-r-5. KOBB Ca* 

[0 0 9 3] ;i(D«ll=LTft®Lf=fli«^T-<0*3»i*U 
351 3 mA, 2tSl. 5 5//m-CU— ySSfiL*:. S£* 

mma>m'&(Dmi^(o^m-wi^—^m^tit^x. is 

T^7=5 y KHi 3 
SttS 1 4 

#pS1 4 a 



< u-if3t*isya-rci:*<-c#fc. ifijtjs^oitjta 

tz, 

[0 0 9 4] 3^sift]&ffiic£i%r4>, mn»»^xiLf» 

2tLX^Vtz.^<l>lzn^-ri^»iimn'Cibi> 

8 *?fFJii:-t«MQw*si4Jii=*-r«¥3ii*u— 
m^ti/tu^siiim^t immrit^^iz'yi'^xB 9 

(Oil, Seizttix^i&LtzlSlcffiliiiUS^b^^MSiei^B 
ffi-C»«jiST?fc«. CC-CBffit(4, {I 0 0} S4^& 
{111} Bii»|Sil^0-5 5* (DieiB-c«ttLfctta 

[0 0 9 5] laiTic, SL&^m^i^i^f3:ii<e,m'¥-m&iz 

[0 0 9 6] $-r. mSES^^Sl 2-e&^pSQaAs 
)l$flE$0. 5 lim^a^e^tvf::, (100)S$S 
ill=W-r<&««^nMGa AsStf 1 1 (Z, BI9 (a) 
ic^-r J: a l=181« A l=li«(Dl£ l^¥««:iSiB « t> o^ffi 
2 2*||igtBlzJ4Ba)SlL^¥S>5:lS®*to3lgf2 1 * 
l-y?^>^^ftlX-r-5C<kl=J:yiSltS. 139 (a) 1=33 
L^T, WAl*2 0/«m. WB(i3/fm^L, X-y^>^fgg 
**0. 7/imi:Ufc. A U—tfS. 
BA<3t»iK»fiSt'&-5, »2 1, 2 2<DftT^lRHc33l+ 

?>mm{zit. ^^ -t -t) BWit^ii^iumifimaiLxi'^ 

tZo 

[0 0 9 7] B9 (a) (0J:3(=A)X$ttf=S«[ 

a>BTS$@9 (b) i=. 3fea>iS%eit^i&i>4ea>m'^2 

1(0±(=)&^$nf=JI«IS(0Kf?B$Bl9 (c) iz^r. 

SI) i42fe<DayT?fc«. 

[0 0 9 8] 



WS® 1 4 b 
±^^-y Kill 5 
hJll 6 

Ca}^(04Sa^£(=l4« Ga, Al, In, 
T-ttl.-^ixI'y/'^^UAf'J't^A (TMQa) 



: n^A I 0. sGao.yAs, BVO. 2jum 

: y > K — ^G a NyA s i-y, 
JBf?8 nm 

: y > K— 'ii^G ao. 95 I no. 05 A s, fSM■^ 5 n m 

: p S A I 0. 3G a 0. 7 A s , gJ? ^ flm 

: p-^MGaAs, SJlO. 5/im 
AaSSfcL VUTyUS^-^A (TMA I ) , h 'J > ^VU-f >i?';7A 

, h-'Jjt^ <TM I n) , T;U*» (A s H3) NBIftt Ur 



(12) 



j^Bfl 2000-31 2054 



^y>^;UtK^v> (MMeHy) Sffll^fcMO-C 
VDa«fi£fflL. Btftaft^eOO^tLfr. Qa I n 

[0099] H9 (a) a)J:5lcaiXSF*VfcGa As 
(10 0) S«a!>fiS11l=li. £1B7*ft« (1 OO) IB 
«»(Dfir*lRl<D«iiil=l* {111} B®A^e. 

■cA8tNi:*$t?*r«*ea*s-r4t» ms^asi 
o) iB±i=eafiEfiLfcfij»j:yt. d 1 1} Bai±i= 

eSBtfi Lfc»»<D55j!)<Nia?-4:a*«*5* A s 

<D«T^#F3 2liNia«A<y = 0. 02t/h*<.MQ 
W<D««?IMBI* 1 . 13eV (5R«1. 1 /im«a) t 

[0 10 0] -■^■Cm^itlXl^i^l^ (10 0) 5S±I= 
»BE**ir t^-Si^^f P 3 3 -ettNlSfit**** < y = 

O. 0 3-efey. S®l?Sffll*0. 95 eV (SSfi 1 . 3 

1 //mffia) -ei&ofc. j&fc, jaj£<D^j-^^Ti=MiiBLT» 

=¥-^SHZ'hi^lBi/(±Ci>t^, Qa I n N A s SIIBSI^BI 
J5aTt?*« C t sir &tta^cM4*8!«* 4i« w i:tt«: 

IN. BS±a)QaNAs»l*Sffi(=«UT|i^O. 4%S 
a<Dflo5Sy5i*, (1 0 0) ®±©Ga NAsMI* 

o. 6%sffi(o?i-D«ys*ai+xi^«. 

[O 1 O 1 ] nSJICOQa I n AsttO. 3 5%8ft(0 

Si. 3 m-e u— y=*is-r Si|i3M* u— (DStt 

■ tL-CfiJfflU 1li«BlCj3l+«j5Hi±«>«T#P3 2 

•a- 6*i43ttt3tsai»»-eiajRsait * c t ^ee < eai-r 

[0 10 2] A»<DT.mt LX. mMf^1&^ iztsi^xm 
1 (c) ^#figLJ5:A<e.lttMLfcXgi:l^«(=. MISa 

i:fiaBi:*»*t3nf»JitLT. i|t»i*u-if<D-:*a) 
*i,-e*i(Dmffi*3!tsi^«feyj^B£i--c. #a»3fema*T 

[0103] c<D4il-L-Cf^»LfcSi«f!l^^ro^#<*u 
giEl 0mA. iKSl. 3 /im-eu— tfSSSLfc. «£*<0 

T^'^-y KSi 3 

SttJil 4 

1 4 a 



O) S±l=iJiai«:U— tfroSttH*. BS±l=i»att© 

aTJi*»*Lf=e«, »5ftBtt*»<*u— tfAifea-a- 
^ti^sticwL-cawicjay. ii-i*e,*tfcu— tfattt* 
»)S3ti»iiK-\>»si*5it « c t ^ < »afcK«i**e« 

< u— if**ayairct3!i«-e*fc. «3t«^^<D«*Ji 

[0 10 4] *l?lS»ffil=fc*t^Tt. Illfi»tl1 

1fa>«ffi#ifi$BS±l=« ct>A#ifi$ (1 OO) 
fltfiE-r^ttf <fc l^^t liSS I:: t>3i^S. 
(|g|£<0)^fll4) :$:|gQ9(0ll%)&IS4^LT. Gain 

i=«-r «fij»tt*»^&»aa*»i* tf ( q c - d f 

B— LD:Gain— Coupled DIstrIb 
uted FeedBack Laser Diod 

b) m=r■t^^a»tim»■ti^13mz^ol^xB^ o, m 

[0 10 5] eiTJc, «jft¥iii*iai^<t*<&«^«JSf= 

[oio6]*-r, (1 OO) ®*a®ic:fr-5«»st 

nSQaAsSttl 1 (DgSlC. ffiSSO)?!^ h U V^^^ 
-C. Hi O (a) |Z^-rJ:5(C||lg|Al=ttffi«>j£L%¥fi 

jsrusf^tox h7'r:^ttfl)j'-y-2 4*. ii«Bici*« 

ti=j:yi2et«. Hi O (a) l=fct^r, W^ltZOU 
ms WBl±6/imi: jf-y-OS^^l. 4jtimi:L 
fc, $|iaAA<¥3H*U— tfSJ. ^«BA<3fePSt^«. 
>-y-2 3, 2 4<DST^lRj(Cfclt4fliaiCtt. {3 1 

1} BWifiimi^m'^mmLxi^tzo 

[0 10 7] Hi O (a) (©J:5»wJOXSF*l.fca 

<DJ«-9-2 4<D±l=»fift**tfc»«jft«)Bfffi*Hl O 

(b) 3fegi5Si»SIli:J5:-51S<D8^L^X h7-<:^tta» 
■y-2 3C0±IZ}^J«**vfc®flljt<DHf®*Hl O (c) 1= 

[0 108] 



nSl no.5Gao.5P. JS»0. 2//m 
y > K— :^G ao.8 I no.2NyA si-y, SJlSnm 
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200 0-31 2054 



iJ^ KMi 4 c : / >K-:^ 
^tmAm^ 9 : PMI no. 
C0>l$fl)»fflfi6SI=l*. Ga, Al, In, AsfflirL 
T h'J>^^l'^'J'5i» (TMQa) , h 'J p'^iWT'il'S 
^•;;A(TMAI), hU/^^l/'f (TM I 

n) , T;U-» (As Ha) N JS^t 5 O O^ 
■(!^=y''j^ly<fi^*ltz7t^=^-Ti}:^ (NH3) $fflt^ 
fc-fb^tf— Axe^^y-y^t/riEft (CBE) Sfe^ffiffl 
L. fiEftaSSSOO'CtLfc. SttJlOQa I nNA 

[01 09] Bl O (a) <DJ:5l=3nX*4lfcQ a A s 
(10 0) S«(<OS%SI=tt. (1 0 0) a 

(oifii=, mmos:xy3^<nmmi~\i {31 ii bba^p. 

■c8awuf==fe©trai:<*ffli=:*y. ±aB-e*« (1 0 
o) iii±(z^ajiEfiLfcg?»cfcy*. {311) Bis±i= 

flr)4^|fF3 2l*N»*3&<y=0. 00 9t/J^*<. M 
QW<D«®l«ffll*1. 08eV (aftl. 15/imffi 

S) irJaoTt^fco 

[0110] -:?j-c«»**vTi^'5EL^ (1 00) 

0. 0 1 8t?fcy. SJ«(l««f*0. 95eV (iSfil. 
3 1 /<mffiS) -Cftofc. «e33» «afiE©»flJl=«tSU'C 
tt^SaUt^flJA^^t-SjS*. Ga I nNAsSII*a» 

L^o (1 O O) ®±(DG a I n N A sSlil . O %gS 
(DttteS^SItXfiy. BffiiOGa I nNAsSI* 

1. 3%as(DEit«*aifCL^«. 

[0 1 1 11 JJeic* HI 1 (a) 5 S«lc 

Iztf-^^O. 2^m, 35*0. 1 //m<Dll»l=¥a»* 
•^Qa I nNAsS34$0. O 3 m^SiSSSFI* 

fc. u— tfa>fir3&iRii=i3it«Il«»^»«>ifffi«>i5 
ai^Hi 2 (a) izwi-r^ 

[0 112] i-v^>y(=<fcoxf^a**ifciHi#rft^© 
^©^ffiicii {111} Amii<mt>tixisy). ^mt^m 
s?i=i* (1 oo) ®4<at)*tri^«. »B±i=ttN«fiR 

A<:**<^*Jwlia)/h$'5:Ga I nNAs;1S3 5A<, 
IlSH=(*N|S^A</h^?<^W^i|®<'):^*'SGa I nNA 
sS3 6!5<fiEfiLfc. M®©^*l^iS<»'J^*<EGa I n 
N A8ji3 5 4<J§tta*^&l6-B-6*t4afi1 . 3tfm<0 



IO.lGao.9As, S»10nm 
IO.lGao.9A8, Jllf30nm 
(ao.sP. BWO. 2|/m 
a I n N A sJ13 66<iKfi1 . 3 /I mOJfeUaUTTaM 

u-ifo!)#ts»3JiRi-e««**JBJ«tti=BBa**tfc!a 

[01 1 3] |HlSr1ft-?-®±.lc±^; 5 K« 1 5-cfc4p 

5 I no.5Gao,5P*0. 8 Um. if ^'M^ 
&'&pSGaAs$0. 5 /I mfSAfiKft SftOXS 
t L-C«« A i:«l«B * 4« 2 ;i m(D»»3l2 

6 0-8 0' aff«<*^f=l-fc. ««A, B-f-*f6*t 

(c. ps/ns^-*fe*t<Daai 7, i8$ai«i=*y 

[01 1 4] C<D»l-LTf*«Lfc*aiR^©*»»U 

— tfgjfc. ±Ta)aai 7, 1 8*3iura3K*3S-r 
t. smaiiSi omA» sttsi. 3/<m-eu— yasiiu 

■tfjltl*SeSUfc*-5KSt?©flST?ftofc. ?E*<DJ:9 

^clsa•co5fi»pa«)»ffiss^&si:UTL^)S:L^^&. mm 

fl>IBa(-«:S*9]3tlD-tSCi:lzJ:y. aiS^SDFBU 

[0 115] jfirfe. ^mmmmz^i^xit@mwr-o>m 

<D«ffi(c Affi36ta*>*t'5* ^ «:»lRl-ClHl«Ttt-T-*Bia L 
fcA^ Bffij!i<S*?*tS:;&lRl<D«^l=tt*lllfiJ^flSfl)«^ 
fclSaiC* JFSSUa)±<OGa I n NAsHTKllJl, MM 
SiJ05±<DGa I n NA sHi^aWt^S^fcttlJ^*"^ 
t<^l^. *fc. |ilSr«?-<D««>JKttl*> 012 (b) »C 

fc. HI 2 (o) 0[)J:-5l=lHl»r»T-<O]134:JSSi5©n5^ 
iz (10 0) ffiAx6ia:4¥aitE««**fc-Sfc«** 0 

[0 116] ncas, infftt^-A<w»J*ih.fcS«^fci*T 

^7 V KlSO>±l=Ga I n N AsA^&&^6$'^t?Stt 

GC-DFB-LD3!l<»&4xfc. *fc, ttSttOCadb* 
a5:i-><^X ha— AaS^raiHfc-^'Si:. -troiHdh© 
±lCfiEfi$4x5Ga I n NAs(*a-T-*fflia$JKfiELfco 

[0 117] *iiifi»au=33t^-rt. ^JSJBSi 1 -cs^ 
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#Bi 2000-31 2054 



u-if L-cBi y ur c t * ^ruE-efcs c 4 li* 

(llll&(D]^tl5) ;f:%q^(Dlll&fl^ffi5^U-C« Gain 

St*U— 1^* (QC-DFB-LD) ©f^a^a^lCOt^T 

[0 1 18] ^A^ftClGa, A I, 

I n, AamkLXh'Jj^TJUii^J'^J^ (TMQa) , 
h'J J»^^UT;U5-';7A (TMA I ) . h'J^^-'H'^ 
T^^^-:* K»1 3 : nSA I 
T^-Y KS 1 4 c : > K- 

^-f Km 4 c<3>aH(=tf'y^0. 23 3jum, Sg* 
O. ^ umO. llSSI-¥ffi»*tOV3lttfl)lHlST»T-2 
O^WSJUfc (HI 4 (a) ) , C(DV3lrtffl»Ctelt* 
«1SI=I*. (1 1 1} AS*<»tar«J:5l=lil«»^«) 
lt«H2 7 :y>K- 
#F»14a :/>K- 
i^'f Kii 1 4 c • : ✓ > K- 



(TMI n) , T;U"» (ASH3) N1S« 
t L-C':?>^;i't K^5?> (DMeHy) 

*amffidc« (Mo-cvD) ^^fiifflufc. riE 

fiSS$5 5 0<C^L/^. 
[0 119] aTI=, «JS^II*iatx<E*«&*T-«3ftlC 

[0 12 0] ««ftnSQaAs (1 0 0) »« 

[0 12 1] 

0.3Qa0.7As, HflCl. 0/lm 
:/GaA8, SVO. 2/fm 

[0 12 2] C<Dll«r»^-2 0<D±l=, HI 4 (b) (C 

[01 23] 
^GaAs, HJfO. 02i/m 
^Qao. 9' no. lNyAsi-y, SMSnm 

::/QaAs, Sffo. 1 5 /I m (spdSSl-etf- 



±^>^-y KHI 5 : pSA I 0.3G 
^■^y^MZS :pSGaAs, 

istmm 2 7 1 #FB 1 4 a I*. iii»r»^ 2 o a)iaci»« 

L^±:tf-f KH 1 4 c • I*. ±</=7y KH 1 5 1 <0»®-e 

[0 12 4] z©«H«ift*. Iil«f»^2 0l=iS3S-r« 
J:5l=a«1 1 *-ca-r-5*5'5:«2/im<D>-9-»ttl= 
I^5^>^^L, X-v^>-JfLfcSP»* pSA I o.3Ga 
O.7AS, nSA I o.3Gao.7As, pSAIo.sGa 
0.7As■ca«>iZL^■C«ii(E»^IB1 2 a, b, c 
Lfc. aftlCp+Sa^^^' hSi 6*0. 
L, pS/nS-tih.-e*t(0mffi1 7, 18*lR»l3j:y 

j^fiiL. ei8i=j:y^tass3oo/ima>ittan*u— tf 

3RT-*^fi6Lfc. (Hi 4 (c) ) 
f^S!Lfc*?9»U— tfSS^f::. ±Ta>«ai 7, 18* 
iiLTm35*35-rt. HfilB35i OmAlcr. SKSi. 
5 5 mtf U-if Ufc. S»je«)'5:fiJ»1±lil««^-l= 
J: o-C5Bi±e.*t* tfjfett, Lfc*-aftT?fl>l6 
g-efcy. GC-DFB-LDirUTSJfS^-SS^— 

[0 12 5] KIT, *lll6}^ISl-*5lt^#S«:U-1f(D 

[0 12 6] U— tfiR^<D«T^lRl<Diiffi«)±S«*H 
1 5l=^-r. x^;^>^riCj:oTffS**lf=Il«tt^-© 



ao. 7A s, . Oiim 

AJSO. 2/im 

m<nma\-ai (111) Aa!eit9t7:h.r^y. ^JSftii 

fiflcli (10 0) ®A<a:b^rt^-5. M®±l::fiEfiUfc 
Ga I nNAsjiaaS (CttSfll*<^ < «l y ii^^vT 
y. N|§fiEI*y=0. 03 5, ifiSl. 5 5^/mffia«> 

Ga I nNAsSaae [^[tmkii^^lX < . Nlft^l* y 
= 0. 0 2 4. jK«1. 3 O mffiaOja^ltF^JefiE 
L-CL^fc. 0^y» iftfil. 5 5//m(DfiJ»««i:26fi 
1 . 3 O ja m<DfiJ^««t3b<S5l=a)«MI=#«-rS. 
JSfc. Ga I nhiAsm(OS.Mt&fS.<Oi^^l-Ml&LXK 

^•^ai=*»fljA<±i:. sKSi . 5 5 // m<Dfij»fiJai= 

m«>fij»ia«i=fet^ri*+ o . 2 %sft<D5i o3i y s» 
*^t% is?-£»i=»fliA<*i:-54,fl>a). t>-ri)^umm 

miS.<r>i^^V:ktiS:mm^mi^^^^C^Ga I nNA 

[0 12 7] ,T&14»|-|*jS?Sl . 5 5 //m<DflJ»«l*i: 
ififil. 3 0;/m®fiJ#ll«tj!i<#S-r«A<, S14SI= 
JlA$*lfc4r-V"J7l±. J:y««!l««a)»t^afcfi1. 5 

<oaSI=-Sk*i±4<©*<a^L<. ::^^-y^^aKSA<i . 
55/<mt>EE«J:-3 (=!alSr»^ «) t -y ^35i<3gli*T.T 

ia«T«?-i=<J:y^=^ffiS$Slt-&3t5l . 5 5/im 
(OSSStttiljKli, iS1iJ9l=ll»!d<il=#'£-r«a^Si. s 
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[0 12 8] J&iS. [1^1§T^a>±lCJKJ5E-r-5Qa I nN 

A s fij^«§m<D*B (HI sicwtLrsi-r) sasAW 

t L-c«i!8^F-a-« z t * prfig-cfeofc. 
[0 1 2 91 <c*j« *ll^fi^B^llc^3l^■cttI5l»f»^■a)^^ 

fed*, {mil BBiA<iSt>*i4»lJil<D«^l=l***lfi 
J^nomiitttmiZ, ?iS»<0±(DGa I nNAsJKO 
S(1»f&ffi]b<^SSV0!>±a>Ga I nNAsm<f>nm^mi: 
y ttt< ^C^IifiE-Cl^flKDG C-D F B - L D3b<Sga* 

(Oflimt. B1 2 (b) l=^-rJ:5lciiiBI=7S»«^ 

*fc. Hi 2 (c) (DJ:5l=lHlSf«T-<0TIffl 
tJSSSfl>i5S*(= (10 0) iSA^&'S:«¥ffi'EE«lil*t.fc 

«Jl!lA<ftlH*ii*:B«r»?-*»« :: t # -S jS t 
T-J^ ^ K» 1 3 
1 4 

1 4 a 
A 14b 
if-f KB 1 4 c 



±<7 7 K« 1 5 : 

KJil 6 : p+S 

ii£}gsii=*5t^r*. Hi avH2*#jaL«Ej!it€,. bit 

[0 13 3] Hi (a) <0<^5l=AlX$:h.f=Ga As 
(100) m^<09[Simzit. ±^Vi(>h (1 0 0) S 
<r>mz. 3}SS<D5T^lRl<Ofia®»rii {3 1 1} A®A<S 

^t.^fr»$4sa^5-r«^. £Si-(*fe« d oo) ibj: 
i=e£^su/=ffi^j:<-;^ {3 11} Aai±i=4sa^s 

L^Ta-?-#F3 1 l=j3(t*#FS-efc-5Qa I nPNiB 
ait AiBi±(=f^fi C ^ & N|BA«t y = O . 

0 2^A#<. MQWOSI$q$4i(i1 . 53 eV (fUSi 
SlOnm^aS) ^:^5:ort^f=. — I^-pS^^f F 3 3 1= 
jSL^TJi (1 OO) ci±l::^&^*^■CU•5c:i:A^&Nt§ 
fiE*«/Jv*< y=0. 0 13-Cfcy, »«l?lf«l±1. 6 4 
eV (7 5 5nmffi^) "Cfeofc. «Ete» tt^O!>»*l= 
«fB:Lr1ftTS»l-t5>?!i36<4i:-5A<, Ga I nPNffl 

tltUl^, H2 (a) l=^(t«a?#F3 1 
-■ tf©SttBtUrfiJfflLfc«^, H2 (b) lCfel^T 



[0 13 0] «Ci3. *IIS(UB«S-lfl4*(*:<DU— tfjR^-(= 

(llffi(D]^IS6) ;4:%Q^O|g]|&}^S36^Lr. Gain 
P N ^^i^FS t f «MQ w$Jg14Slc*-r U- 

Sffi]{^SI1 ~5l=fel^rtt. MQW^Jia&«lMt3 7' 

a(=J3lt4#fFJfj!i<s V»l5c«i:LrAs tN^^trib 

tLTP («) i:NS^t,Mb^1*¥3»i**rat^rL^*il 

[0131] *iiffi}Bii-effi(Lfc*^i±«-H®««x 
t;a»*T!B<D*<D/za*»jLfciS*i»t^r, hixi; 

H 2 $^iv-ci&^ LfclllE)»ffi 1 Lf=4>a><b:l^ CM 
[O 1 3 2] 

nM (A I 0, 7QaO. 3) 0.52 ' n0.48P. S»1 

> K — '^Qao.48l n0.52Pl-yNy» 
9V8 n m 

y > K— "I^ (A I 0.4(3 a 0. 6) 0. 52 ' "0. 48P> 
JBV1 O nm 

y >K— ^ (A l0.4<3ao. 6) 0.52' n0.48Pt 
MM 3 O n m 

(A I o.7Gao.3) 0.52lno.48P> 



tt m 



U m 



GaAs, MW-O. Sum 

[01 34] c<j!)»icLrff«Lfc««*^a)#3W*u 
— tF«»i=. ±T«>«ai 7, 1 8*aLT«i«*a[-r 

i:. S3SI*^®1 2l=J:ora^**i,fcS35ttf5tt«fl) 
5i&©V^SSP»l=;£A*4i, IHfflS3Sl OmA. 
8 1 OnmflfCU— tfSSSLfc. ft*<DJ: 5 ^ESSja-CO 

^ttlCsfe^bli^t.^x'SrA^ofc. c:<DJ:5«=. (lOO) 
S±l=»a»<OaTfliS. A»ra«jSiii±lciJi3Stt:U- 

•fA<aiL^fl!i©aiiiiixe,ja*a< u-ifjtsiRyai 

[O 1 3 5] ;t:|l%)&8SlcfeH^T%. 9I1&)^S§ 1 -e^ig 
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«1, 2t L-CSUfet<DIC«a-r««»4<^flltfft« 
(UlteOJ^SlT) *a6Wfl)IIJfiJBflS7t LT. QaAs 

s b N s#pSi-r*MQw*sttHir*-r«¥jiw*u 
^l^rl^<5J£ -elites. 

[0 13 6] *SIJfi»S|-ef^SILf=«^l*, #Fai 4 

a «)*r«*y > K— :;'"Q a a s S b Nl=a*ftxfc^* 

SO^a*l^»t?ai«. #FHT?fc4G a A s S b N<D 

IgfiKll. Ga Aso.9(i-y)Sbo. 1(1-y)Ny^Lfc. 

iett)&tS(=:feH^T4>. B 1 AlXB 2 «4»HL 

TlcBL<KWr«. 
[0137101 (a) (DJ:5l=j!)nX$tt/=Qa A 8 
(1 OO) SttOSaSUI^. ^S-C&d (1 OO) S 

a>16l=, »ffiO!>fi-C^|^(DflliEI=a {3 11} AS^btft 

muri^-s. z.<o^i&0>±^z>^mJz*bLXAB. sb 

O) m±lz.mS,^&Lti&^J:f'J t {3 11} ASJilC 

H 2 iZfcL^raT^^P 3 1 f= j3lt«#PJiT?*« Q a A 

s S b N^SaliAS±r=f^SI$it^Tl^^C^]i^&Nlfl^ 
A<y=0. 03^^$<, MQ^N(D^%i^mt'SL&^ . 
5 5/imJ|iatJfeori^fc. — :^T?«T^#P3 3l=fit* 
Tfi (1 OO) S±lr»fiE$;h,Tl^-5Ct*^&N|§«!6< 

/h*<y = o. o 1 9-e*y, Sffd^fitti . ai/zm 

t>5^^A«^i:«A<. QaAsSbNiiiCib'lAv^SliNtt 
J*A«y = 0. O 3<Dii«IC*JUT+0. 2%SJS. NH 

^3!)<y = o. o 1 9ro««(-fcL^r+o. 4%SS(::ja 

S!»**i-5Ci:l±JB:l\ 82 (a) l=telt««?^#F3 
l^iKSl. 5 5 /[/mT?U-ifSlS-r5*«f*U— tf<0 

sttst LrfijfflLfcif^. 02 (b) (=fcL^ri*a^ 

?f F 3 3 *<3t3SsKaKD 3 7B t -5 fc«>lc3|i j9«: U— tf 

[0 13 8] ::o4il-LTftigLfc»a^T-©#»i*u 
— tfSS^J-lc. JiTOSai 7, 1 8*iiUTS3iE$35-r 
j:. «9S9^^JS1 2l=<korik^$ti/=S3!EI^S1£Bo:> 
5*.(0V?:MgP^}-lcaEA$*l, SfiS^SSl 0mA. iKfi 
1. 5 5 //mT?U— tfSISUfc. «£*a)J:-5'S:^;S-t?fl) 

#ttl=se<bl**6.4iJ5:A^ofc. =:<©J:5I=. (100) 



^*:u—^f36«jiL^fflla)4alifi^4^&3a*A< u— tfjt^ayta 
(0 13 9] ^mttfi^miz^i^x^. sitt»ffii -t>ft» 

[0 14 0] |gtt]^IS6, 7 •C^LtzmSkmA&ViM'f- 
'5:A<e.ltt5HLfc V«l7£«i: LT A s t N $#tMb^1ft|i|i 
fl:^«B¥«««i»a>«$. V»|jlcj|(^UTA8, Sb^ 

u— tf tjt^aat*^ t * mar ««^^=ot^T<D^ 
St»^ i=asr -set A<RriiB-c fe« :: t i*a 3 jec 

[0141] <Efc, C*l*-|?|=^Lfc«lfi»«1 ~4» 
6 , 7 1? f*. ( 1 O O ) ® ± * *tfc3»aSK«Ji 
ASi±*f=l*Bii±l=«lfiE**Lfc3|jtt»«jfiiA<fiJ 

m^it. ■(ei^fl««):fe#L^Affi±icai3tm^-*fc(*53t 
^s^^lJ^^D/^*L^A^ii±lz»i^K3(^^^iBaL 

l-*?A>«o (100) mit. ^fkAO' OAffii^JEC 

[0 14 2] fiatai^^, gJtig^, 

iz^&&m^^^mLxi.m¥iommiimi,tih:itit 
ms!,izf3t-^ho (1 00) sli. i&nn&o° (Dsmk 

Sfll-ilOU— tf, GC-D FB-LD(0a*jCOt*rt 

[O 1 4 3] ^cfc, ;*:ffi-ei*, (h k I ) ffiat;-e5h.i: 
^Skmtf3iz^mt3:mi: (hk 1} M^SfBLrix^. « 

siife3^ffiic33L^T, msk^tLx (10 0) mmtMi^ 

ffS<0 {10 0} 9$l=fel^TP)»0>^JRA<fe-Sc:^a 
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[01441 3EEfc\ Illfi»ffl1~4, 6, 7l=feL^T. 

[0 14 5] tSitS, mmz^iftcWthmii^. MQV/m 

li'&t^ 1^l-MQW<D#FS^=Ol^T. HlfiJgll 1 ~ 5 

ai6T;ttPtNt**^«-(k*1ll» |gl6»»7-CI*A8 

^:Sb^:Nt$W■rS■^k^«B^=-:>L^TfiftlBLfcA^ Nt 

a AsStS«>a^**{*«lfC^Lfc3!»^ QaP-V>QaA 
s P^Ga I n As$^(D1&<D I I I — VttlStS. Z n 
SB^ZnStii£<D \ l-VlfllS4E. SI-¥>Qe-V^S 

«-\?>Qa P»«lzj3ixrii, ■€-*i.&l=aia»-?-S^-r-5 

Q a NA 8-¥>A I Ga A s N $iSttJ|(=ffiU« CI i:]b<Rr 
[0 14 6] cti*-c<DEjS6fl>4«-C r±j tEU 

[0 14 7] :^?im<f>m7&if^n-r^&(j>mskA&o-^ 

Co 1 4 8] U-if*^<D3fetti«tSffiiSOfilS^ 



[0 14 9] y»tLT::7T:?'J'<p 

[0 15 0] 

[0151] ai««2(cE»**i.fc:*:aiBB(0*9#3RT 

[0 15 2] a*3S3(=Ea**T.fc:*:aiBB©#3»(**?- 
«>ttS^afe(=J:+ltf. gi*«1)i^&2(Oftffl-3a«*J: 

[0 15 3] ll«94(zES£$*t^;«:Jgna>#9i*«'?- 
(DSk&^mizJitiit^ Bl^gilA'&3<DflFffl-Sa«$J: 

[0 15 4] BI:J(]3l5lcE3K$4i/^;4:|gma>iii9{t:«'?- 

[0 15 5] mncT&6 izmi^fs Htz:*iStm<Dm^mwiitm 

m*^<l>S^:SSilz^*i{i. -[3a>«A^57*SlfgWW 
[0 15 6]B«]fi7, 8l=Ei£$4lfe;*:|gQ^<0^3l|{4: 

Co 1 5 7] Sl*«9. 1 0«=Ea**tfc*lig8©i|i9 

Tisy. «-s<J!)&s-r;h.xi*«if?a6<^<3EE<. jtcoia 

CO 1 5 8] B^Si 1 l=Ei£$;h,/=:4:%l^a>#%i4:U 
4> j^»&-?$(«l«ffiO!>ll^-&liJ«$f^S-r c 
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^B8 2000 — 3 1 2054 



[0 15 9] 2, 1 3lC|gia$*lfc*a6W<DiJ£ 

to 1 so] a^lSl 4lcI2a**tfc:^|EW<D^»t*:U 
[0161] aSEiai 5lz|B^**tfc;*:fl?30#3l<*lx 
[o 1 6 2] W^*y^^^ eizUi^iititz^nfi^oi^mt^tft 

[o 1 6 3] mntyR-t 7 tzuiiti*itc:^fifiH<f>¥^mwiit 

S L r S jg-r 5 ro jr » s L t t « . 

[0 16 4] Sl^^l 8, 1 9l=IBfS$tlfr:t:fe^<D^ 

[0 16 5] a3jt«2 0|cEa**tfc*f6?B<0^3»«:U 
-ifSS^-l=J:*tlf. -|5ia)«aj56Sl?JiSlit*ifcgSt-C 

Atfism^Htz^^^i^i^mmm^^UMiz j: ^gM&s-vb 

[0 1 6 6] g}:K^2 1 , 2 2IC|Si$$Hf=:^%QI(D4^ 
[o 1 6 7] »*«2 3lcE5E$;h.fc:*:|IIBa)^»i»<*lx 

X p -b X 4? ti-f iz ffSLTSin^m^tlf^m $ *t 4 
[0 16 8] Ef^^2 4l=eS$:h.f=:(:|6Qaa>¥9^U 



X :/ p -b X Sff *>JSri=ft« RTflg^E^ldEA^lia * *t«S* 
[Slicofe^^Si^] 

[Bi] *9im<l>m1&f»n^ iz^Hmf^mwift^mm^ 

<DSjtxa*5i-r^HT?fe«. 
[gi2] ^nmo>^mm1s■^^ztsif^^^mw9tM^9m'r■ 
(D&x:^^ii^^M.tzmmwcibi>o (a) li, bi 

(b) l=^lt«a-a' nO!>KriS$^-r. (b) I*. B 
1 (b) I=i3lt4b-b' raOBrS^^-To (c) (i 

(a) , (b) i=fca^Tx-c***i,fcfi|i»$it:fcLr* 
■r. 

[B3] :4:%n(D3llfi»ni l=£lt«Qa I nNAsS 
[B4] Qa I n NA saONSAitO). Se^l-^AiS 
[B5] Qa I nNAsJ|<0SlfH«4f(0. NSAitAtX 
(x) $x=0. O8(=B£Lf=^0!>« Ga I nNAs 

<Dmw^m<DN&Aik (y) tt#tt$^-r. bi^, ns 

Skit (y) $y=0. 0 2 5l=BSUf=i$<0, Ga I n 
NA8<0^$!l^<e(D I n,%Alfc (x) tt#1^$^-r. 
[B6] :^l&Q^(DSItfE)^tll lz£lt^9-a}|g)^«!l$^ 

-rj»«iB-ci&«. 

[B7] 3^fim<ommi&Vti izni^im-oi^mm^^ 
[B8] :$ixm(ommji^m2iztii-ti>^m{^9tm9iM^ 

a}Sj&X€$^-rB-?ft-&. (a) (i. S«[0!>j^B-e 

(b) (a) <D«.mAiz9m-r^mmm^ 

(a) <oi&mBizmmri>mm&'&^-r:&<o. s-c^iri 

a>S]tx€$^-rB-e&'&. (a) It. misionmmv 
&io ib) it. (a) <Di&mA(zmmi-i>mm&i^ 

■t&O. «r^|£g;b'&^^=BriSB-e^«. (c) (i, 

(a) (o^mBizgim-ri>mm&i^-rA<D. s-c^i^o 

[Bi o] :^^fl^<ammmmA^ztilf$>^!.m^^m9tm 
'7^a>fijtxS(Ditr^$^-rB-ej&<s. (a) s«(o 

^^B-eft.&. (b) li. (a) a>^iSEAr=ss-r<&S 

(c) (*. (a) ©fi«Bizas-r«s«-it$^-ra 

0). fiT*lRlA^&ftfcBr®BT?fc«o 
[B1 1] :^%I^OlltS)^Sl4l=;bMtS^9(4:3tie«lK 

^•©sjjixsoft^ii^^-ria-efc^. 
[Bi 2] ^^m(j>mi&mm4tzinfmLmwiftmmm 

[Bi 3] ^ik<oi¥^m»i>t»9tm=i'(Dm&:^^&iffii^ 
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^Bfl 2000-31 2054 



«jfi$^-rH-eft«. (a) . (b) (ii{]gxs$^-r 
BriSB. (c) ttm^m&^^r^s-ehi, 

(a) , (b) It, (c) (=£(t«a-a' IBKOBfSic 
1 1 S« 

1 2. 1 2a. 1 2b, 1 2c «3Ktt^jR 
13 T9^V K« 
1 4 JSttS, 3 TBI 
1 4 a PJl 
1 4 b ess 

14c iS-( KS, T*V KJB, iitf-r KS 
15 i^^-yKS 



1 6 
1 7 
1 8 
1 9 



pm^m 



2 0 IhI««^ 

2 1 «<D»i^m«f 

2 2 <ea>£i^^§» 

2 3 ©(DttLM-y-SJ 

2 4 S<Dj£U>-9-ffl 

2 5 ^Xl^ 

2 6 Xf«5-f^tt»5St» 

2 7 ngr/i 

2 8 ^-frVlfa 

3 1 AiB±fcft«**lfc«T^lf;5 
3 2 B®±l=f^S$*tfc»^?fF 

3 3 ( 1 O O) Si±(Cf^«$*i,fcaT.^p 

3 4 iHi»r»^-©±r=«fi**ifc. s*i: astern© V 
4 1 ssai^as 

4 2 MQW^IS^J^-fbS 

4 3 mtbjL^m 
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[B3] • [B4] 





m^ 5] 



(23) 



2000-312054 




CB1 4] 



'16 
'15 

•19 
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'41 
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F^— A(##) 411118 AAIO ABIO BA02 CA01 FC03 
FC17 6A10 

5F045 AA04 ABIO AB17 AB18 ACOl 
AC08 AC12 ADIO AF04 AF12 
API 3 CA09 CA12 CA13 DA55 
DA63 DQ08 EE19 HA14 

5F073 AA20 AA26 AA45 AA64 AA73 
AA74 AA86 AB04 ABU AB25 
CA07 CA17 DA05 DA06 EA02 

5F088 AA03 AB07 BA15 CB04 EA09 
GA05 LA01 U09 

5F103 AA04 BB06 BB59 DD03 DD05 
DD08 DD30 HH03 UOS LL04 
LL17 PP06 RROl 
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